Introduction
Neurotropic strains of MHV are capable of inducing fatal encephalitic disease following intracranial (i .c .) inoculation in the majority of strains of inbred mice that have been tested ." The genetic basis for the relative resistance of SJL/J mice to the neurotropic strains MHV-JHM (JHMV), MHV-4 and MHV-A59, has been attributed to a single recessive gene,'-4 or to at least two genes, one dominant and one recessive .' The functional basis of SJL/J resistance has been correlated with the following : (1) failure to productively infect primary spinal cord neuronal and peritoneal macrophage cultures; 2.4 '5 (2) age-related changes of an adherent macrophagic cell type from spleen or peritoneal exudates capable of adoptively transferring protection from naive, resistant, 12-week-old mice to susceptible 6-week-old animals; 6 (3) failure of JHMV spread from primary replication sites within the nasal cavity to secondary targets such as brain, intestine and liver ;' and (4) the absence of virus-binding activity by hepatocytes and enterocytes, attributed to a deletion in, or mutation of, the virusbinding domain of a 110-120 kDa glycoprotein . 8 ' 9 Previous studies from our laboratory have demonstrated, however, that resistance of primary SJL/J glial cultures to JHMV could not be attributed to any deficiency in virus attachment, penetration, or early expression of viral genes, but was possibly due to a failure in cell-to-cell dissemination of the infection ." Consequently, the exact nature of resistance has been the subject of some dispute, particularly as it relates to whether single or multiple determinants are involved and to the characteristics of the virus-target cell interactions responsible for mediating the resistant phenotype .
Our earlier work 10 indicated that resistance of primary SJL/J glial cultures may be associated with a defect in the dissemination of infection, potentially involving S, the virion's major spike glycoprotein . In this regard, S has been shown to function in virion attachment to target cells, mediation of syncytiogenesis and elicitation of a neutralizing antibody response ." -" Certain strains of MHV also express a second surface glycoprotein that is found in lesser abundance than S and referred to as HE (hemagglutinin esterase) . HE possesses esterase activity and shares sequence homology with the influenza C hemagglutinin . 14 In JHMV, HE expression is variable, suggesting that it may be an accessory protein not absolutely necessary for viral replication ." This is in contrast to the situation in bovine coronavirus where the HE protein has been reported to contribute to infectivity . 16 Thus, the exact role HE plays in MHV infections has yet to be determined .
The present study was undertaken to ascertain whether variant viruses possessing deletions within the coding sequences of the two surface glycoproteins, S and HE, had growth characteristics different from those of wt JHMV in SJL/J primary glial cultures and the central nervous system (CNS) in vivo .
Results
Comparison of the replication of wt JHMV and S 1 deletion variants in primary glial cultures from SJL /J and CD. 1 mice Growth of wt JHMV and the AT11f cord variant was assessed on primary glial cultures derived from resistant SJL/J or susceptible CD .1 mice . Our wt JHMV was originally obtained from the ATCC and shown to contain no deletions in either S or HE when propagated under the culture conditions we employed ." The AT11 f cord variant of JHMV18 has been shown to possess a 441 nucleotide deletion in the middle third of the S1 portion of S in addition to a 738 nucleotide deletion in the coding region of HE . 17 This variant was shown to be more fusogenic and capable of replicating to higher titers in G26-24 oligodendroglioma cells than wt JHMV . 78
Primary glial cultures from resistant SJL/J and susceptible CD .1 mice were inoculated at between 7 and 12 days in vitro (D .I .V .) at a multiplicity of infection (m .o .i .) of 1 . At the time of inoculation, cultures were of mixed phenotype consisting of a bedlayer formed predominantly by astrocytes, on top of which were cells of the oligodendrocytic lineage . The AT11 f cord variant consistently grew to higher titers in SJL/J glial cultures than did wt JHMV . However, the magnitude of this difference was dependent upon the method by which the virus inoculum was prepared . When the inoculum consisted of concentrated, extracellularly released virus, 10 a 100-fold difference in growth between wt and variant virus was observed (Table 1) . This difference was usually only 10-fold when the inoculum consisted of membraneassociated virus preparations derived from disrupted cells as described in Materials and methods (Table 2 ) . In spite of the enhanced replication observed with variant virus, production was still 1-2 orders of magnitude less in SJL/J than in CD .1 glial cultures ( Table 1 ) . The foci of fusion observed in SJL/J cultures inoculated with wt JHMV were significantly smaller than those produced in AT11f cord infections at equivalent time points post-inoculation (p .i .) . Polykaryons evident at 3 days p .i . in AT11f cord infected cultures contained 697±245 (SD) nuclei versus 142±118 nuclei in those induced by wt JHMV (P < 0 .001, t-test) ( Fig . 1 A and B ) . The syncytia contained predominantly GFAP + astrocytes while among the overlying oligodendrocytes there was usually some evidence of lysis ( Fig . 1 C, D, E and F) . More rapid replication in CD .1 cells was accompanied by accelerated and more extensive syncytia formation, culminating in massive cell killing by 3 days p .i . (Table 1) . By contrast, even at 10 day p .i . the cytopathic effect due to AT11f cord virus involved no more than 30-40% of the area occupied by SJL/J glial cultures .
In order to determine which deletions in the AT11f cord variant were responsible for the enhanced efficiency of replication in SJL/J glial cultures, we compared growth of AT11f cord, V5A13 (88), AT11f brain and wt JHMV viruses . V5A13 (88) which was selected in vitro from wt MHV-4 infected SAC--cells on the basis of resistance to neutralization with monoclonal antibody (mAb) 5A13 .5, 13 possesses a 447 nucleotide deletion in the S coding region 19 that overlaps that present within AT11f cord (Fig .  2 ) . In addition, MHV-4 apparently does not express detectable levels of HE (M . Buchmeier, pers . comm .) . The AT11f brain variant was an independent isolate from the same animal that the AT11f cord virus was derived" and possesses the identical deletion in the HE gene as AT11 f cord but has no deletion within S . 17 AT11 f brain variant was therefore used as a control to assess the defect in HE expression observed in both AT11f cord and V5A13 (88) . It is evident from the data in Table 2 , that AT11f cord and V5A1 3 (88) variants grew to 10-fold higher titers than both AT1 1 f brain virus and wt JHMV . In some experiments however, AT11f brain virus grew about twice as efficiently as wt JHMV (data not shown) . These results indicated that the enhanced growth of the AT11f cord variant could most likely be attributed to the alteration associated with the S coding region . Nevertheless, the coincidental defect involving the HE envelope glycoprotein may also play a contributory role . Interestingly, infection of SJL/J glial cells never progressed to the point where total destruction of the culture was observed . In fact, a gradual but progressive decrease in titer was observed with all viral strains assayed as a function of time p .i .
When viral gene expression of wt JHM, AT11f brain and AT11f cord virus infected SJL/J glial cultures was assayed at 24 and 48 h p .i ., the magnitude of expression of viral RNA paralleled the differences observed in progeny virus release and fusogenic potential ( Fig . 3 ) . Thus, virus-specific RNA synthesis of All if cord virus was greater than AT1 1 f brain virus, which in turn was greater than wt J H MV . These data, however, do not enable us to distinguish with certainty which step(s) in the interaction between virus and host is responsible for the advantage observed with the S deletion variant .
Comparison of replication efficiency and the disease process in resistant SJL/J and susceptible CD . 1 mice inoculated with wt JHMV and variant AT 11 f cord virus In view of the enhanced replication obtained by AT11f cord virus in primary glial cultures, we next determined whether the CNS disease process was also affected . SJL/J mice were inoculated i .c . with varying doses of either wt JHMV or AT11f cord variant at 1, 2, 4, 5, 6 and 11 weeks of age . Comparison was made with age-matched, susceptible CD .1 mice as controls . The data, summarized in Table 3 , demonstrate that in the case of SJL/J mice an age-related resistance developed . Thus, at 1 and 2 weeks of age, SJL/J sucklings were completely susceptible and by 6 weeks uniformly resistant to both viruses . Some differences were evident between the wt and variant at 4-5 weeks of age when SJL/J mice demonstrated full resistance to wt JHMV and partial resistance to AT1 1 f cord variant . This age dependent development of resistance, although similar to that previously reported, 6 differs with respect to the exact ages at which the shift from susceptibility to resistance was observed . However, our data were virtually in complete agreement with those reported by another group' where encephalitis was only observed in 1-week-old SJL/J animals following intranasal inoculation with JHMV . As anticipated, CD .1 mice remained fully susceptible at all ages tested and their mean time to death ranged from 1 .5-5 .3 days p .i ., depending on the age at inoculation, size of inoculum and virus used . Generally, AT11f cord virus produced acute encephalitis in CD .1 mice in half the time required by wt JHMV at equivalent doses . The rapidity of the disease process in CD .1 mice corresponded with the efficiency of virus replication in primary glial cultures (Table 1) . Interestingly, it has been previously reported 13 that S deletion variants of MHV-4 were neuroattenuated in BALB/c mice based on increased LD 50 s and the propensity to induce chronic, demyelinating, rather than acute, encephalitic, disease . This, however, has not been our experience with CD .1 mice and the doses of inoculum we have employed .
Since even the more efficent S deletion variants of JHMV replicated in SJL/J glial cultures to titers that were at least one order of magnitude lower than those observed with CD .1 cells, we hypothesized that some additional factor such as the host immune response may be involved in controlling the acuity of a potentially slow, progressive CNS disease process . The role of the host cellular immune response was therefore studied by administration of the immunosuppressant Cyclosporin A (C5A) .
As Table 4 illustrates, CsA treatment of animals following i .c . inoculation with either Table 4 Effect of cyclosporin A on disease and mortality caused by wt-JHMV and AT11f cord virus in SJL/J mice 'Cumulative data were obtained following i .c . inoculation at the times and virus concentrations indicated . Animals were treated with 25 mg/kg body weight CsA beginning either the day before or the day of inoculation with virus and continued for an additional 5-10 days following inoculation . ND = Not done. Note that uninoculated control mice from both 4 and 11 week old age groups showed no observable toxic effects to cyclosporin administration (6 consecutive days for 4 week old animals and 10 consecutive days for 11 week old animals) . wt JHMV or AT11f cord variant led to a significant breakthrough of resistance in the 4-week-old age group . Clinical signs consisted of lethargy and piloerection which progressed to irritability and seizures . The mean days to advanced disease was 8 .1 +1 .8 and 8 .0±2 .6 days p .i . for wt and variant viruses, respectively . This was longer than the development of advanced disease observed for age-matched CD .1 mice or 1 -and 2-week-old SJL/J mice, the latter of which succumbed to advanced disease in half this time . In the 5-week-old age group, the AT11 f cord variant produced a significantly higher incidence of encephalitis as compared with wt JHMV inoculants (P=0 .035, Fisher's exact test) . Again, an age-related shift in resistance was observed in spite of CsA treatment, though not as pronounced as that observed in the non-CsA-treated group . Consistent with the observed growth of wt and variant virus in tissue culture, AT11f cord virus appeared to demonstrate a growth advantage over wt J H MV in vivo as well (Table 5 ) . Histopathology included perivascular cuffing and mononuclear cell infiltration within the forebrain, loss of neurons within Ammon's horn of the hippocampus and vacuolation of the neuropil within the midbrain (Fig . 4 ) . Viral antigen was localized primarily to cells possessing glial morphology, as well as to fiber tracts surrounding the hippocampal formation ( Fig . 4) . Interestingly, those animals not developing acute encephalitis did not subsequently go on to develop chronic demyelinating disease as assessed both clinically and histologically during the 60 day period following inoculation . Infectious virus was never recovered from the livers of mice that had developed signs of clinical disease . This, combined with the preceding data, strongly suggests that these animals were succumbing to an encephalitic disease .
Strain of animal

Discussion
This study suggests that the resistance to JHMV by the SJL/J strain of mouse is complex and likely contingent on more than one virus or host determinant . Our previous work demonstrated that the genetic resistance of SJL/J mice to JHMV was already inherent in primary glial cultures derived from neonates ." Glia appear to be targets for JHMV in susceptible C57BL/6 mice during both acute encephalomyelitis Table 5 Comparison of wt JHMV and At1 1 f cord virus growth in the brains of SJL/J mice challenged at different ages 'Animals were sacrificed in extremis and either all or half the brain was homogenized in serum supplemented medium for virus titer determination . The data are from single animals or the averages of two or three animals, as indicated within parentheses .°A symptomatic . ND = Not done . Viral brain titers' -pfu/g of brain tissue and delayed demyelinating disease . 20 Hence, glial infections may play an important role in the pathogenesis of both forms of neurologic disease, especially when one considers the important supportive role that astrocytes have in maintaining normal neuronal function . Characterization of virus-glial interactions in vitro therefore has the potential to provide insight into pathogenesis in vivo . The observation that both AT11 f cord and V5A1 3 (88) variants possessed growth advantages over wt JHMV in primary glial cultures was in turn reflected by enhanced growth and ability to induce disease in vivo . The enhanced growth of AT11 f cord virus correlated with increased viral gene expression and the ability of the variant to incorporate greater numbers of cells in syncytia, a phenomenon that is most likely attributable to the molecular nature of S . Using strain distribution analysis of recombinant-inbred mice, other workers 3 have demonstrated that the susceptibility of peritoneal macrophages for MHV-4 was linked to the Svp-2 locus on the proximal end of mouse chromosome 7 . Interestingly, these authors alluded to the fact that several loci on this chromosome encode trypsin-like proteases and molecules involved in secretory processing . These correlations fit with our hypothesis that resistance of SJL/J glia to JHMV involves a defect in cell-to-cell spread, which may be intimately dependent upon syncytiogenesis . This in turn may .be associated with defective processing of S by SJL/J glia necessary for optimal syncytiogenesis and thus spread of infection .
S is a 180 kDa protein that is co-translationally glycosylated in the endoplasmic reticulum, and reportedly undergoes trimerization prior to assembly into virions . 21 Virion assembly occurs by budding into a smooth membrane compartment between transitional elements of the Golgi stack 22 and the progeny virions thus formed are released from the cell via a constitutive exocytic pathway . 23 Spike glycoprotein not incorporated into virions is transported to the plasma membrane where it can induce cell-to-cell fusion from within . 24 Proteolytic cleavage of S to 90 kD N-terminal S1 and C-terminal S2 products has been shown to be a necessary requirement for virusinduced cell fusion and has been reported to occur on virion associated S just prior to release from infected cells . 12 The degree to which S on virions is cleaved to S1 and S2 subunits appears to be host cell-dependent and is mediated by host proteases . 25 Though the molecular mechanism by which S induces host cell fusion is not known, determinants along both S1 and S2 subunits have been implicated 21,2' along with conformational changes that take place in S1 which are accompanied by aggregation of S2 subunits . 28• 2 9 The allocation of particular biological functions to either S1 or S2 subunits is complex . In fact, neutralizing epitopes, as well as fusogenic and neurovirulence determinants, appear to be associated with multiple sites along S . 2' •30,31 Previously, an infectious centers assay suggested that the restriction of growth of wt JHMV in primary SJL/J glial cultures was associated with defective cell-to-cell spread from initially infected foci ." Both resistant SJL/J and susceptible CD .1 glial cultures adsorbed and sequestered the inoculum with equal efficiency . 10 In the current study, a small but progressive increase in size of infected foci was observed during the initial 3-4 days following inoculation with the AT11f cord variant . Thus, coupled with previous results, this favors the hypothesis that enhanced growth of S deletion variants over wt JHMV in SJL/J glial cultures is likely due to enhanced spread of infection rather than to differences in numbers of cells initially infected or replication rates per cell . However, one cannot rule out the possibility that yield of virus per infected cell may differ between wt and variant viruses . This explanation was advanced to explain enhanced growth of MHV-4 S deletion variants in DBT cells ." The higher yields of these variants versus wt MHV-4 in DBT cells were concluded to be the result of a decrease in the specific fusogenicity of the truncated versions of S . This apparently explained the attenuated cytopathic effect and thus prolonged growth cycle of the variants versus wt MHV-4 . In this regard, however, we have observed that V5A13 (88), along with AT11f cord virus, are more fusogenic than wt JHMV in G26-24 cells (unpublished data) . Hence, this attribute may be host cell, as well as virus, dependent . 25 In contrast, the basis of resistance implicated for SJL/J enterocytes and hepatocytes is the lack of a functional receptor!" The 110-120 kDa glycoprotein identified as the virus receptor on hepatocytes and enterocytes is a member of the carcinoembryonic antigen family in the immunoglobulin superfamily . 33 SJL/J hepatocytes and enterocytes express a form of this protein that apparently lacks virus-binding activity ."' The most conclusive proof that this protein is a functional MHV receptor has come from a recent report in which resistant human and hamster cells were made MHV-susceptible following transfection and expression of a cDNA clone for this protein .3' The monoclonal antireceptor antibody CC1 was used to assess the distribution of this receptor in different tissues of susceptible BALB/c and resistant SJL/J mice . This antibody does not recognize the allelic form of the protein expressed by SJL/J mice . However, in BALB/c mice, the receptor was found to be relatively abundant in liver, small intestine and colon, but absent in brain and spinal cord ." This may suggest that an alternative receptor(s) may be used by this virus to infect cells within the CNS . Some support for this notion comes from previous work' which demonstrated that JHMV replicated equally well in BALB/c and SJL/J brain following intranasal inoculation of 1 -week-old animals, but not in intestine and liver of these two strains of mice . Other viruses have been reported to utilize more than one receptor for attachment and internalization of target cells . Recently, it has been reported that herpes simplex virus 1 is capable of utilizing two asymmetrically distributed receptors on polarized Madin-Darby canine kidney cells for attachment and subsequent internalization events ." It is therefore conceivable that the basis for resistance of SJL/J mice to MHV-JHM, MHV-4 and MHV-A59 may to some extent be tissue-dependent .
The fact that CsA immunosuppression was able to accentuate CNS disease production by both wt and variant viruses suggests that resistance may in fact be due to a dynamic interaction between the kinetics of virus growth and spread and the immune response to the infection . CsA is known to inhibit the activation of T lymphocytes by antigen, 36 apparently by specifically inhibiting the function of nuclear proteins important for the transcriptional activation of the genes for interleukin-2 (IL-2), its receptor, IL-4 and gamma interferon (yIFN) . 37 Though CsA is thought to act primarily through direct effects on T cells, particularly CD4' cells, secondary indirect as well as direct effects on B cells and macrophages cannot be ruled out . Lethal infection by JHMV in C57BL/6 mice has been reported to be prevented by adoptive transfer of virus-specific T cell clones implicated in a local delayed type hypersensitivity (DTH) response, but this protection apparently did not result in the inhibition of virus replication . 38 . 39 No difference in viral yields was observed in 4-week-old CsA -or CsA' AT11 f cord inoculants at 4 day p .i . In this age group, viral brain yields peaked at 6 day p .i . (Table 5 ) which preceded the mean days to advanced disease at 8 days p .i . The single untreated control animal which succumbed to encephalitis at 8 days p .i . had a viral brain titer which was 1 log 10 lower than CsA-treated animals at the equivalent days p .i . This difference was, however, not apparent between CsA -and CsA' mice at 11 days p .i . This possibly suggests that CsA may interfere with an immune mechanism that protects the host from the lethal effects of JHMV without necessarily interfering with mechanisms involved in inhibiting virus growth . 38 .39 Clearance of JHMV from the CNS has been shown to be T cell mediated and likely requires both CD4 + and CD8' phenotypes . 4013 The reason CsA immunosuppression was unable to abrogate resistance to either virus in the 11-week-old age group is not known, but may be attributable to age-dependent changes in neural targets . Alternatively, CsA may not interfere with the function of macrophage-like cells described previously to be protective in older animals,' or that of natural killer (NK) cells which may also play a potentially important role in the reduction of virus within the CNS . 42 In summary, the observed resistance of SJL/J mice to JHMV-induced neurologic disease does not appear to be fully attributable to any single factor, but potentially appears at least bifactorial in nature . This is consistent with the genetic analysis carried out on SJLx B1 0 .S F1 hybrids and F1 backcrosses, which suggested that resistance was not likely due to a simple single gene model but more likely mediated by at least two genes .' Our own work supports this latter model and suggests a defect in cell-tocell spread of the infection, as well as to protective functions of the immune response .
Materials and methods
Viruses . MHV-JHM was obtained from the American Type Culture Collection (ATCC, Rockville, Maryland) . The isolation and characterization of JHMV variants AT11f cord and AT11f brain, as well as the MHV-4 variant V5A13 (88), have been previously published ." -19 V5A13 (88) was obtained as a gift from Dr M . Buchmeier of the Scripps Clinic and Research Foundation, La Jolla, California . All viral strains were propagated on L-2 mouse fibroblast monolayers by inoculating at a m .o .i . of approximately 0 .1 . Inoculum prepared from extracellularly released virus was collected from the culture supernatant when 90-100% of cells were incorporated into syncytia and was concentrated as previously described ." Membraneassociated inoculum was prepared from combined culture supernatant and cell-associated virus as previously described ." Virus titers were determined as plaque-forming units (pfu) per milliliter on L-2 cell monolayers .
Animals. Inbred SJL/J and CD .1 mice were obtained from the Jackson Laboratory, Bar Harbor, Maine, and bred in-house as reported previously ." Animals in our colony have remained MHV free as determined by periodic serological testing .
Primary murine glial cultures . Primary, dissociated, murine glial cultures were prepared as previously described, 46 with minor modifications . Briefly, mixed cultures consisting predominantly of astrocytes and cells of the oligodendrocytic lineage were derived from dissociated cerebral hemispheres of day old mice . Tissue culture plastic or 12 mm diameter, glass coverslips coated with poly-L-lysine were seeded at densities ranging from 0 .18-0 .36 cerebral hemispheres per cm 2 in Dulbecco's modified Eagle medium (DMEM-high glucose) supplemented with 10% fetal bovine serum (FBS) (Bocknek), 1 .2 g/I NaHC0 3 , 25 mm Hepes, pH 7 .3 (Sigma) and 10 g/ml gentamycin . A half medium change was made at day 4 in vitro and every third day thereafter until inoculated with virus .
Infection of animals and primary glial cultures . Mice were lightly anesthetized with methoxyflurane and then inoculated i .c . with a membrane-associated virus suspension in either a 30 or 40 pl volume using a 31 gauge needle . Uninfected L-2 cell lysate was used as a control . Mixed glial cultures were inoculated with either a concentrated extracellular or crude, membraneassociated virus preparation at a m .o .i . of approximately 1 pfu per cell . The inoculum was absorbed for 60 min at 37°C, after which, the inoculum was removed, cultures washed twice with warm phosphate buffered saline (PBS), pH 7 .2, and after addition of fresh medium, incubated in a humidified atmosphere containing 5% CO 2 .
Immunosuppression with cyclosporinA . Cyclosporin A was obtained as Sandimmune (Sandoz Canada, Inc .) as a 50 mg/mI solution and diluted to a 2 mg/ml working concentration with PBS . Mice were weighed and injected i .p . to deliver 25 mg/kg body weight per day . Animals were begun on CsA either the day of, or the day before, i .c . inoculation with virus . CsA treatment was continued on a daily basis for 5-10 days post-inoculation, depending on the age of the animal at the time of inoculation . Animals inoculated at 11 weeks of age were treated with CsA for 10 consecutive days post-inoculation . Control animals were injected i .p . with PBS .
Virus titration of brain tissue . Aseptically removed brains were weighed, placed into ice-cold tissue culture medium supplemented with 10% FBS, and 10% w/v tissue homogenates prepared .
The resulting suspensions were clarified by centrifugation and the supernatant used to make serial 10-fold dilutions that were inoculated onto L-2 cell monolayers . After virus adsorption for 60 min at 20°C with continuous rocking, the cultures were overlayed with medium containing carboxymethylcelIulose and incubated for 18-24 h before counting plaques .
Immunostaining infected primary glial cultures . At 3 days post-inoculation, infected coverslips were washed with PBS and fixed in 4% paraformaldehyde in PBS for 5 min at 20°C . Where indicated, cells were permeabilized by exposure for 30 s to acetone, then thoroughly rinsed in PBS . Coverslips were incubated with primary antibodies diluted in 3% bovine serum albumin (BSA) in PBS for 20-30 min as follows : mAb against JHMV nucleocapsid protein (N) as tissue culture supernatant (a generous gift from M . J . Buchmeier, Scripps Clinic and Research Foundation, La Jolla, California) 1 :8 ; rabbit anti-bovine glial fibrillary acidic protein (GFAP) (Dakopatts, Denmark) 1 :50 ; and rabbit anti-galactosyl cerebroside (GC) 44 1 :10 . Secondary conjugated antibodies diluted in PBS were applied at 1 :30 for goat anti-mouse IgG-fluorescein isothiocyanate (FITC) (Sigma) and 1 :50 for goat anti-rabbit IgG-Texas Red (TR) (Jackson Immunoresearch Laboratories, Inc .) .
Histology and immunohistochemistry. Animals were sacrificed in extremis and the CNS immediately removed and fixed by submersion into 10% neutral buffered formalin in preparation for paraffin embedding . 10 icm sections were stained with hematoxylin and eosin for routine histopathological examination . Viral N antigen was detected in 10 pm paraffin sections using a biotin-anti-biotin amplification system conjugated to alkaline phosphatase (AS/AP Plus immunostaining kit, BIO/CAN SCIENTIFIC) . Following deparaffinization, sections were treated in a 0 .5% pepsin solution for 20 min at 37°C . Monoclonal antibody against JHMV N protein as tissue culture supernatant was then incubated overnight at room temperature at a 1 :18 dilution prior to the amplification and chromogenic reactions . Sections were then briefly counterstained with hematoxylin .
In situ dot-blot analysis of MHV RNA . At 7 D .I .V . primary SJL/J glial cultures situated in 35 mm culture dishes were inoculated with wt JHMV, AT11f cord virus or AT11f brain virus at a m .o .i . of 1 . At 24 and 48 h post-inoculation, the culture supernatants were removed and the cultures thoroughly washed with ice-cold PBS . Cells were then gently scraped from the dishes and resuspended in PBS by gentle passage through fire-polished Pasteur pipettes to a final concentration of 1 x 10 6 cells/ml . Whole cells were spotted onto nitrocellulose using a Schleicher and Schuell 'minifold' filtration apparatus and processed for in situ hybridization using previously described methods ." The blot was probed at 42°C with nick-translated pg344 48 isotopically labelled with 32 P . Blots were exposed to film for 24-48 h at -70°C .
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